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THE WATER RESOURCES OF CECIL,
KENT, AND QUEEN ANNES
COUNTIES

Tue GROUND-WATER RESOURCES
BY
ROBERT M. OVERBECK AND TURBIT H. SLAUGHTER

ABSTRACT

Cecil, Kent, and Queen Annes Counties have a land area of 1,009 square
miles and their permanent population was 61,612 in 1950. Ground-water data
were obtained from about 2,100 wells and 26 springs, compiled from the re-
ports of drillers and of well owners.

The mean annual precipitation is about 43 inches. The average daily con-
sumption of ground water in the area is estimated to be about 4,000,000 gal-
lons. The water is used almost entirely for farm and domestic purposes.

The northern part of Cecil County lies in the Piedmont physiographic prov-
ince and is underlain by igneous and metamorphic rocks of Precambrian and
Paleozoic (?) age, consisting of granodiorite, gabbro, metadacite, serpentine,
gneiss, chlorite, and mica schist. Ground water occurs chiefly under water-
table conditions in fractures in the hard unweathered rock and in pores and
permeable zones in the weathered rock. The source of nearly all the ground
water is precipitation. About half the wells in the Piedmont are dug wells.
Of the drilled wells many are less than 100 feet deep. The average yield of all
wells is about 11 gallons a minute. The quality of the water is generally good,
although ground water from the serpentine area is hard. At a few places iron
is present in noticeable amounts. Wells commonly provide sufficient water for
domestic or farm use, but large yields cannot be expected from the crystalline
rocks. An aquifer test in the granodiorite showed a coefficient of transmissi-
bility of 14,000 gallons per day per foot and a coefficient of storage of 0.003.

Kent and Queen Annes Counties and the southern portion of Cecil County
are in the Coastal Plain. The Coastal Plain deposits, consisting of sand, clay,
sandy clay and silt, greensand, and marls, rest on the southeastward sloping
surface of the crystalline rocks. The deposits form a wedge-shaped mass of
material which ranges in thickness from a few inches in Cecil County to 2,500
fect in Queen Annes County. In Cecil County their maximum thickness is
estimated to be 1,700 feet, in Kent County their thickness ranges from 900
to 2,200 feet, and in Queen Annes County from 1,500 to 2,500 feet.

The Coastal Plain deposits are Cretaceous, Tertiary, and Quaternary in age.

1




2 CeciL, KenT, AxD QueeEN ANNES COUNTIES

The Cretaceous rocks are of continental and marine origin; the Tertiary rocks
of marine origin; and the Quaternary rocks of fluviatile and marine origin,
The formations of continental origin-— Patuxent, Patapsco, Raritan, and
Magothy —~are characterized by light-colored, buff to red, sand, silt, and clay.
The sand beds are lenticular and strongly crossbedded. The Cretaceous and
Tertiary marine formations— Matawan, Monmouth, Aquia, and Calvert
are characterized by dark-colored clay, silt, greensand, and marl. The Quater-
nary deposits consist of crossbedded sand, gravel, clay, and silt.

The most extensively used aquifers are in the Pleistocene deposits (38 per-
cent of the wells), but the total amount of water withdrawn from these deposits
is relatively small. The greatest quantity of water is probably being taken
from the Aquia greensand (19 percent of the wells). The Patapsco, Raritan,
Magothy, Matawan, and Monmouth formations locally are important aqui-
fers. The Calvert formation is relatively unimportant as a source of water
(1 percent of the wells).

Wells ending in the Patuxent formation have an average yield of 16 gpm;
in the Patapsco, 40 gpm; in the Raritan, 35 gpm; in the Magothy, 30 gpm; in
the Matawan, 38 gpm; in the Monmouth, 40 gpm; in the Aquia, 27 gpm; in the
Calvert, 53 gpm; in the Wicomico, 43 gpm: and in the Talbot formation, 24
gpm.

Aquifer tests on the Patapsco formation at Elkton showed coefficients of
transmissibility of 5,500 to 24,000 gallons per day per foot. A test on the Mag-
othy at Cecilton indicated a transmissibility coefficient of 25,000 gallons per
day. Tests on the Monmouth formation at Rock Hall, Massey, and Kennedy-
ville indicate transmissibility coefficients of 4,600, 5,700 and 4,900 gallons per
day respectively. Storage coefficients from these tests range from 0.0000003
to 0.0004. Tests on the Aquia greensand at Massey and Queenstown indicate
a coefficient of transmissibility of 4,100 and 35,000, respectively. Storage co-
efficients were 0.0005 and 0.00025, respectively. At Chestertown an aquifer test
on the Aquia greensand failed to give a satisfactory result for the value of T
and S due probably to indeterminate boundary conditions in the aquifer. An
aquifer test in the Wicomico formation at Price showed a cocflicient of trans-
missibility of 30,000 gpd per ft. and a storage coeflicient of 0.0003.

The quality of ground water in the Coastal Plain area is generally good.
The content of dissolved solids is low, and pH lies within a narrow range of
the neutral point. Water from several aquifers, however, contains iron in suffi-
cient quantity to cause trouble for the domestic user. Ground water from the
Patapsco, Raritan, Magothy, Matawan, and Monmouth formations is gener-
ally rather high in iron. Water from the Matawan, Monmouth, and, in southern
Queen Annes County, from the Aquia greensand, is hard. At places ground
water from the Wicomico formation is soft and free of iron.

The average temperature of the ground water is approximately 38°.
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Three general classes of wells arc used, drilled, dug, and driven. Of the ap-
proximately 2,100 wells inventoried, drilled wells constitute about 33 percent,
and dug and driven wells about 47 percent.

Fluctuations of the water table since 1949 were determined by periodic
measurements in six observation wells. These showed an annual fluctuation
in response to recharge to and discharge from the ground-water Teservoirs
caused by changes in the rate and amount of precipitaton and by other fac-
tors. Fluctuations of the water level were observed in two artesian wells for a
shorter period of time. No significant decline in water levels was observed.
A comparison of the static water levels at Rising Sun, Massey, Millington, and
Stevensville with those measured more than 40 years ago indicates no signifi-
cant change in static levels in the water table or in artesian aquifers in those
areas.

A rough estimate of the amount of ground water in storage in the sediments
underlying the three counties is 31 trillion gallons. The amount of water re-
charging the deposits is about 0.4 to 0.6 million gallons per square mile per
day. The present consumption of ground water is about 4,000 gallons per
square mile per day, or only about 1 percent of the estimated ground-water
recharge.

INTRODUCTION

Location and Extent of Area

Cecil, Kent, and Queen Annes Counties are the three northernmost counties
of the Eastern Shore of Maryland. The counties (fig. 1) are bounded on the
north by Pennsylvania, on the east by Delaware and by Caroline County, on
the south by Talbot County, and on the west by the Susquehanna River and
the Chesapeake Bay. The areas of the three counties are given in Table 1.

"The location of the tricounty area is between 75°45" and 76°30" west longi-
tude; and between 38°50" and 39°44” north latitude.

Purpose, Scope and Methods of Investigation

The purpose of the investigation was to obtain basic information on the
ground-water resources of Cecil, Kent, and Queen Annes Counties.

The field work was begun in the spring of 1951, and was continued inter-
mittently into the fall of 1956. Tt consisted of a study of the geology of the
counties in its bearing on the occurrence of ground water and of a well canvass
in which over 2,100 wells and 26 springs were inventoried (Tables 45-47).
Well logs were compiled from drillers’ records (Tables 48-50) and sample logs
from the study of well cuttings (Tables 51-53). Chemical analyses of water
samples from 41 wells and 1 spring were made by the Quality of Water Branch
of the United States Geological Survey; 21 analyses were obtained from the
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Maryland State Health Department and 2 from a private firm (Table 44).
Field tests for iron, hardness, and pH were made on water samples from 106
wells. Water-level fluctuations were determined by monthly measurements on
9 observation wells. Short-period continuous readings were taken to observe
local effect of tide or barometric changes on the water level. Fifteen controlled
pumping tests (aquifer tests) were made.

The locations of the wells inventoried are shown on Plates 1, 2, and 3. Each
plate is divided into S-minute quadrangles of latitude and longitude which
are lettered alphabetically by capital letters from north to south, and by small
letters from west to east. Wells within each quadrangle are numbered in the
order in which they were inventoried. Each well is designated by (1) an ab-
breviation of the county name, (2) a combination of the marginal letters for
the quadrangle in which it lies, (3) the number given the well within the quad-

TABLE 1
Areas of Cecil, Kent, and Queen Annes Counties
Ratio water to

and
(percent

Land and water area ~ Land area Water area
‘ (square miles) square miles) (square miles)

Cecil ‘ 424 351 73 17
Kent 367 | 283 84 23

Queen Annes 487 375 112 23

Total 1,278 1,009 269 21

rangle. Thus, the well numbered 10 in the quadrangle Dc in Kent County is
designated Ken-Dc 10.

Previous Investigations

The first fairly detailed geologic reconnaissance of part of the tricounty arca
was made by McGee (1888). His purpose was to determine whether water
would be found on Spesutie Istand in the Chesapeake Bay if a deep well were
dritled there. McGee carried his survey of the Eastern Shore as far south as
the Sassafras River.

In 1902 the Maryland Geological Survey issued the Cecil County report
in which the geology of the crystalline rocks was described by Bascom and
that of the Coastal Plain by Shattuck. No mention is made of ground water.
The State, in cooperation with the U. S. Geological Survey, published at the
same time a geologic map of Cecil County (Bascom, Shattuck, and others,
1902).

The Dover folio (Miller, 1906), which includes the eastern part of Cecil and
Kent Counties and the northeastern part of Queen Annes County, contains a
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short general description of ground water. It has a geologic map on which con-
tour lines indicate the depth below sea level to two artesian aquifers one in
the Potomac group of Cretaccous age and the other in the Calvert formation
of Miocene age. The contour lines are highly generalized hecause of the meager-
ness of the data on which they are based. The folio states that water was ob-
tained mainly from shallow wells dug to the base of the Pleistocene deposits.
No artesian wells are reported from the Maryland portion of the Dover quad-
rangle.

The Choptank folio (Miller, 1912), which covers only a small part of the
southwestern corner of Queen Annes County, contains a short description of
ground water and a geologic mayp on which contour lines are drawn on the top
of three artesian aquifers. Three artesian wells shown on the map are in Queen
Annes County —at Stevensville (203 feet deep), at Winchester (now Grason-
ville) (200 feet deep), and at Queenstown (100 feet deep). The wells at Stevens-
ville and at Grasonville are reported to have yielded water of poor quality.
Since that time, however, several hundred wells have been drilled to depths of
about 200 feet in the area, and are yielding water that, although somewhat
hard, is of good quality. Contour lines on the geologic map show altitudes
below sea level for aquifers of Cretaceous, EKocene, and Miocene age.

The Tolchester folio (Miller and others, 1917), which includes much of the
western part of Kent County and a small portion of the west-central part of
Queen Annes County, contains a geologic map and a brief description of the
ground-water resources. The water supply came at that time chiefly from shal-
low dug wells and springs, although a few artesian wells were in use. A map
shows the location of two artesian wells at Rock IHall, 300 and 350 feet deep;
one at Centreville, 665 feet decp; one at Tolchester, 60 feet deep; and one at
Chestertown, 1,135 feet deep. Contour lines on the geologic map indicate
depths below sea level to the base of the Magothy formation and to an aquifer
near the base of the Raritan formation. Miller (p. 14) recognized that in the
Potomac group the “‘water does not seem to come from any one bed of wide
distribution, as is shown by the different depths at which it is reached and by
failure to obtain any water in these beds at certain places.” In the well at
Centreville fixogyra and Pecten shells were found in a water-bearing stratum
at 428 feet. The FExogyra indicates a marine bed of Late Cretaceous age (Ma-
tawan or Nonmouth formation). Little mention is made of aquifers of Eocene
age. These are now the principal water-yielding beds of the area.

A report issued by the Maryland Geological Survey (Clark and others, 1918),
describing the water resources of the State, contains a general exposition of
the water-bearing properties of the geologic formations and a brief description
of the occurrence of ground water in each of the counties. Included are the
records of 8 wells in Cecil County, 36 wells in Kent County, and 27 wells in
Queen Annes County. Several of these wells are still in use. The logs of a few
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deep wells are given; the log of well Ken-Cd 3 (depth, 1,135 feet) at Chester-
town is valuable for geologic correlation.

The Elkton-Wilmington folio (Bascom and Miller, 1920) includes the north-
east and cast-central parts of Cecil County. The water supply for the area is
said to be mostly from shallow dug wells, although at a few places in the Pied-
mont some surface water is used. A table lists 5 wells in Cecil County.
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Geography

Population and Culture

The permanent population of the tricounty area is 86 percent rural. A large
floating population during the summer months inhabits the shores of the Bay
and its estuaries. The State Park at Elk Neck reported 185,735 visitors during
1956. Since the opening of the Bay Bridge in 1952, the population has been
increasing rapidly in Queen Annes County near the castern terminus of the
bridge.

The population (U. S. Dept. of Commerce, 1950) of the three counties is
shown in Table 2 and that of the principal towns in Table 3.

FFarming and raising livestock and poultry are the chief agricultural activ-
ities in Cecil, Kent, and Queen Annes Counties. Commercial fishing, oystering,
and crabbing are seasonal occupations along the Chesapeake Bay shore. Can-
ning and packing sea foods and vegetables is an important business. Little
manufacturing is carried on, and there are no heavy industries. Cecil County
was reported to have 49 manufacturing establishments; Kent County, 22;
and Queen Annes, 16 (Md. Dept. of Labor and Industry). The accommodation
of summer visitors is an important source of income to the counties. The value
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of agricultural products (U. S. Dept. of Commerce, 1956) is shown in Table 4.
Whealt, corn, and vegetables are the leading crops for Cecil and Kent Counties;
and wheat and corn for Queen Annes County. Poultry raising is very important
in Cecil and Queen Annes Counties (value, $1,218,672).

TABLE 2
Population of Cecil, Kent, and Queen Annes Counties in 1950

County Total Urban

Cecil 33,356 5,245
Kent 13,677 3,143
Queen Annes 14,579 ;

Total 61,612 8,388

TABLE 3
Population of Principal Towns in 1950

County Town Population

Cecil Elkton 5,425
North East 1,517
Chesapeake City 1,154
Port Deposit 1,139
Kent Chestertown 3,143
Rock Hall 786
Queen Annes Centreville 1,804
Queenstown 316

TABLE 4
Value of Farm Products Sold in 1954

Cecil County Kent County Queen Annes County

Livestock products $4,883,266 83,872,669 $5,644,227
Forest products 24,289 14,359 53,622
Crops 1,642,630 2,958,278 2,854,160

Total 6,550,185 6,845,306 8,552,009

The distribution of land use in the counties (U. S. Dept. of Commerce, 1953)
is shown in Table 5. In Cecil County 71.1 percent of the land was in farms;
in Kent County, 84.5 percent; and in Queen Annes County, 82.1 percent.

The three counties have excellent primary and secondary highways. U. S,
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40 crosses the central portion of Cecil County, passing through Elkton. U. S.
213 is the principal north-south road and extends from Elkton in Cecil County
to Wye Mills in Queen Annes County. U. S. 50 crosses Queen Annes County,
extending from the Bay bridge to Ocean City.

The main lines of the Baltimore and Ohio and of the Pennsylvania Railroads
cross Cecil County. The area is served also by branch lines of the Pennsylvania
Railroad. Bus lines connect most of the towns and villages. Steamboats make
regular trips from Baltimore to Betterton and to Tolchester Beach during
the summer. The Chesapeake and Delaware Canal, serving ocean-going vessels,
connects the Chesapeake Bay by way of the Elk River and Back Creek with
the Delaware River.

The eastern shore is joined to the western shore by the Chesapeake Bay
bridge which was opened in July 1952. Tts eastern terminus is on Kent Island

TABLE 5
Farm, pasture, and forest acreage in Cecil, Kent, and Queen Annes Counties in 1954

Cecil Kent Queen Annes

I'arms (total number) 1,185 711 977
l.and area of county (acres) 225,280 181,760 238,720
Land in farms (acres) 160,135 153,571 196,018
Total cropland (acres) 91,218 108,909 135,434
Pasture land (acres) 44,750 30,878 39,539
Woodland (acres) 37,514 26,001 42,087
Trrigated land (number of farms) 6 5 6
Irrigated land (acres) 333 732 172

at Stevensville. The bridge and the connecting highways are having a favor-
able influence on the economy of the Eastern Shore.

Physical Fealures

‘The tricounty area, except northern Cecil County, lies within the Coastal
Plain physiographic province (fig. 1). Northern Cecil County is in the Pied-
mont province. The line or “‘zone” separating the Coastal Plain from the Pied-
mont province is called the Fall Line. It is the outcropping zone of contact
between the rather gently dipping surface of the hard crystalline rocks of the
Piedmont and the overlying, more gently dipping, unconsolidated Coastal
Plain sediments. Because of the low dip of the contact surface and the large
difference in rate of erosion between the hard and the soft rocks, the “line” in
Cecil County is a zone from 1 to 2 miles wide. Both crystalline and sedimentary
rocks are found within this zone. In Cecil County the Baltimore and Ohio
Railroad follows roughly the north and northwest border of the zone and the
Pennsylvania Railroad the south and southeast border.
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The Fall Line is a physiographic boundary that has guided the settlement
of the Atlantic Coast since Colonial times, for south and southeast of it lay
deep water transportation and north and northwest of it lay water power for
mills. The Iall Line also separates different areas of the occurrence of ground
water.

The Piedmont Platean

The Piedmont Plateau crosses Maryland and Pennsylvania in a belt about
50 miles wide (fig. 1). A small portion of the southern part of this belt lies in
Cecil County, where it forms a gently rolling upland surface, having an average
elevation of about 350 feet above sea level, interrupted by rather narrow, steep-
sided valleys, 100 to 200 feet deep. The surface is most deeply dissected by ero-
sion in the west, northwest, and northeast parts of the county, less deeply
dissected along the I'all Line, and only slightly dissected in the central and
northcentral parts. The highest point (elevation, 335 feet) in the tricounty
area lies near Rock Springs in the northwest corner of Cecil County, close to
the Susquehanna River.

The Coastal Plain

The Coastal Plain in the tricounty area has two types of topography—the
Western Shore type and the Eastern Shore type. The Western Shore type
occupies a relatively small portion of the Coastal Plain lying close to the Fall
Line. Elk Neck has the surface features that characterize the Western Shore
type. Gradations into the Eastern Shore type are found on the necks south of
the Elk River, and along the Sassafras River. The rest of the area has the sur-
face features that characterize the Eastern Shore.

Western Shore type. The topographic features of the Western Shore type
are much like those of the Piedmont Plateau— a rolling upland dissected by
narrow steep-sided valleys with streams of rather steep gradients. A difference,
however, is that the beds of the Coastal Plain streams are incised into soft
unconsolidated rocks, whereas those of Piedmont streams are cut into hard
crystalline rocks. In the Fall Zone the streams begin their downcutting in soft
rocks and end in hard rocks.

Iastern Shore (ype.—The Eastern Shore type covers about one-third of
Cecil County and all Kent and Queen Annes Counties. It is made up largely
of two plains having slightly different altitudes—the Talbot plain and the
Wicomico plain.

The Talbot plain, which has an elevation ranging from below sea level to
45 feet, has its greatest lateral extent along the Bay from northern Kent County
to southwestern Queen Annes County. Its surface tilts gently toward the Bay,
except on Kent Island. A low scarp, about 20 feet high, marks at many places
the landward limit of the plain and tidal marshes or low cliffs its seaward side.
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Kent Island lies wholly within the Talbot plain, and the surface of the plain
there has a slightly eastward inclination toward Kent Narrows—suggesting
the Chester River may at one time have flowed along the cast side of Kent
Island.

The Wicomico plain, which has an elevation ranging from 43 to 80 feet,
forms the surface of most of Kent, Queen Annes, and the southern part of
Cecil Counties. Although it has the general appearance of a flat, featureless
plain, this is true for only some parts of it. The Wicomico plain has four no-
ticeably different topographic features-—features that influence the infiltration,
storage, and movement of ground water. These are: (1) a small-scale replica
of Western Shore topography on most of the necks near the Elk Riverand the
Bay, where the plain is much cut up by short steep-sided streams and ground-
water storage is limited because of the excellent drainage of the surficial aqui-
fers; (2) very broadly rolling plains moulded by a weak drainage system where
the infiltration rates are high and the volume of saturated sediments is larger,
as in southern Cecil County and in Kent County; (3) hummocky plains made
by numerous basin-like depressions which are generally without surface drain-
age and at places contain ponds or are swampy, common in the castern parts
of all three counties (Rasmussen and Slaughter, 1955, p. 26 -28) and seen on
Route 213 about 5 miles south of Elkton; (4) flat featureless plains forming
the broad stream divides, as in the vicinity of Massey in Kent County and east
of Centreville in Queen Annes County.

Drainage.—The streams which flow across the Coastal Plain are generally
sluggish and weed-choked although deep at places. Many of the smaller tribu-
taries are intermittent and flow only at times of heavy rainfall or after thaws
in the spring. As the gradients of the streams are low, erosion of the banks and
transportation of material are slight. Streams which empty into the estuaries
commonly end in marshes or weed-filled lakes or lagoons. Since the rainfall
of the area is fairly heavy and the upland areas are rarely marshy or soggy, the
absence of streams in some places indicates that an effective underground drain-
age system in the surficial deposits carries off the water.

The stream pattern of the Coastal Plain differs somewhat in each of the
counties (Plates 1, 2, and 3). The Bay and its estuaries are drowned valleys,
and the present land surfaces represent the old hills and upland plains that
formed the watersheds of the streams. The drainage patterns of the present
streams are determined largely by the altitude, position, trend, and form of
the old divides. The general altitude of the principal divides is about 80 feet.
The divide may hold one general trend, it may swing gradually from one trend
1o anotlier (Kent County), or it may zigzag sharply (Cecil County). The divide
may be a rathier narrow ridge (ISlk Neck), or it may be a vague line on a broad
flat plain (southeastern Cecil, eastern Kent and Queen Annes Counties). Differ-
ences in these factors cause a variety of stream patterns and consequently a
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variety in the size and shape of the stream basins and shallow ground-water
reservoirs. Geologic structure or rock type appears to have had little or no
effect in determining the course of the streams.

The streams of the Cecil County coastal plain are short, and most of them
have steep gradients.

The streams of Kent County are few and short. Morgan Creek is the long-
est stream in the county. The divide which separates streams flowing north
into the Sassafras River from those flowing south into the Chester River has
a general westerly direction from Massey to Stillpond. At Stillpond the divide
splits-—one branch continuing west, the other turning southwest to Rock Hall
gradually losing altitude from a maximum of about 100 feet.

The stream pattern of Queen Annes County is controlled by a flat divide
which extends southwestward from the northeast corner of the county. IFrom
the divide, which has an average altitude of about 80 feet, the streams flow
north and west into the Chester River and south into the Tuckahoe and Wye
Rivers. Many of the streams which lic on the flat divide are intermittent
streams.

Broad estuaries of the Chesapeake Bay —the Elk, Sassafras, and Chester
Rivers  slice across the area almost to the Delaware State line. Small estu-
aries make a fretwork of the shores. Land which has been cut off from the main-
land forms large islands—Eastern Neck, Kent, and Wye Islands.

The trend of Chesapeake Bay at its head is normal to the course of the
Susquehanna River and parallel to the Fall Line (fig. 1) and to the structural
trend of the underlying rocks (Pl. 4). The Chester River from Millington, west-
ward and southward to Kent Narrows, follows the structural trend of the
Aquia greensand. The Bohemia and Sassafras Rivers cut across the structural
trend.

Rapid modification of the shore line of the Bay and its estuaries is going
on at places through shore erosion and deposition. This must be considered
when a well is to be dug or drilled near the Bay shore. Erosion is generally
indicated by steep bluffs along the shore, and deposition by wide beaches, sand
flats, and bars across the mouths of streams and estuaries. The rapidity of
the erosion is indicated by the results of shore-crosion studies (Singewald and
Slaughter, 1949). In Cecil County Grove Point receded 320 feet in 100 years
(p. 38); in Kent County a maximum recession of 700 feet occurred along the
Bay front between Tolchester Beach and Swan Point (p. 64); and in Queen
Annes County, Bloody Point receded 1,250 feet in 100 years (p. 70).

Figure 2 is a profile of the Chesapeake Bay as determined by boreholes along
the line of the Chesapeake Bay Bridge (Greiner Co., 1948). It shows both the
profile of the present bottom of the Bay and the bedrock profile. The bedrock
profile is that of an asymmetrical terraced valley eroded when sea level was
much lower than now (Ryan, 1953, p. 13- 14).
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Climate

Of the elements that constitute climate, precipitation and evaporation are
the most directly related to the movement and storage of ground water. Pre-
cipitation includes rain, snow, sleet, hail, dew, and frost; evaporation includes
surface and subsurface evaporation and transpiration by plants. Precipitation
adds water to the land; evaporation takes it away. Evaporation is influenced
chiefly by temperature, humidity, and air movement.

TABLE 6
Average Monthly Temperature and Precipitation in Cecil and Kent Counties
(temperature in degrecs F and precipitation in inches)

Station Jan. Feb. |Mar. |Apr. (May |June |July /Aug. |Sept.| Oct.|Nov. Dec. | Year

Cecil County
Elkton (period, 1926-1952; alti-
tude, 28 feet
Temperature 33.0 (33.4 |42.4 51.8 [63.2 |71.8 |75.9 [74.1 [68.0 |56.0 [45.8 35.1 | 54.2

Precipitation 3.39] 2.91| 3.75 3.67| 4.32| 4.11| 4.38| 5.48] 3.17| 3.20| 3.26] 3.02 44.74

Kent County
Chestertown (period, 1898-1952;
altitude 35 feet)
Temperature 33.1133.2 42.3 |52.4 |63.6 |71.5 |76.2 |74.4 168.4 |56.7 |46.0 135.9 |54.6

Precipitation 3.47] 3.000 3.52' 3.65 3.78/ 3.96( 4.21] 4.21] 3.38| 3.08| 2.96| 3.46 42.69

Rock Hall (period, 1898-1952; al-
titude 5 feet)
Temperature 34.5 34.8 144.2 |53.0 |60.2 (72.9 [77.0 175.3 169.5 |58.3 [47.2 .36.6 |55.6

Precipitation 3.52| 3.07 3.52) 3.55| 3.37 3.47) 4.77| 4.82) 3.61| 2.92| 2.92| 3.09 42.63

Millington (period, 1898-1952;
altitude 27 feet)
Temperature 34.1 {34.2 [42.2 63.6 |[701.6 [76.1 ‘74.1 68.6 |57.3 146.3 |36.2 [55.0
Precipitation 3.691 3.18| 3.81{ 3.58 3.42| 3.64| 4.53| 4.80{ 3.51| 2.90 2.82} 3.49/43.43

The tricounty area has a humid equable climate (Thornthwaite, 1931).
The annual precipitation averages about 43 inches; the annual snowfall, about
15 to 20 inches. Snow rarely remains on the ground throughout the winter.
July and August are the months of maximum and November the month of
minimum rainfall. Severe droughts and storms are somewhat unusual. Seasonal
changes in climate are well marked.

Meteorological stations have been maintained for many years by the U. S.
Weather Bureau at Chestertown, Rock Hall, and Millington in Kent County,
and for a shorter time at Elkton in Cecil County. A station has recently been
established at Centreville in Queen Annes County. The Rock Hall station
lies on the Chesapeake Bay shore; that at Millington inland near the axis of
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the Maryland-Delaware peninsula; that at Chestertown between the Bay
and the axis; and that at Elkton in the Fall Zone. Table 6 shows the average
monthly and annual temperature and precipitation for the four stations.

The average annual temperature for the stations is not significantly different.
At all stations July is the hottest month and January the coldest month. Elkton

TABLE 7
Vonthly Precipitation at Elkton, Cecil County, 1950-1954
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has an average growing season of 179 days, Millington 188 days, and Rock
Hall 195 days (Weeks, 1939, p. 58-59). The last kiiling frost in the area is in
April or early May, and the first killing frost in October.

Average annual precipitation shows but slight differences among the sta-
tions. Elkton has the highest average, owing possibly to the effect of rising
air currents near the hills north and east of Elkton. Rock Hall and Chester-
town have the lowest average precipitation. August is the month of greatest
rainfall for all the stations; I'ebruary the lowest at Elkton, and November
the lowest at the other three stations. At Elkton the average number of days
on which 0.1 inch or more fell is 110 days; at Chestertown 106 days, at Rock
Hall 113 days, and at Millington 113 days.

TABLIS 9
Percent of Monthly Precipitation falling in One Day al Chestertown in 1953

Month Percentage
January 33
February 42
March 60
April 16
May 19
June 44
July 51
August 46
September 52
October 66
November 44
December 36

The monthly precipitation for the years 1950 1954 at Elkton and Chester-
town is given in Tables 7 and 8.

Table 9 shows the percentage of precipitation that fell on one day in each
month of 1953 at Chestertown. The table illustrates the pattern of distribu-
tion in 1953. The pattern would be somewhat different for each year. In 1953,
38 percent of the total precipitation occurred on only 12 days.

REGIONAL GEOLOGY

Geologically, Maryland may be divided into three parts—the Appalachian
Mountains, the Piedmont Plateau, and the Coastal Plain—-that differ markedly
in rock type and geologic structure. The Appalachian Mountains form the
western part of the state; the Piedmont Plateau, the central and east-central
part; and the Coastal Plain, the eastern part.
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The rocks of the Appalachian Mountains are folded sediments of Paleozoic
age consisting of sandstone, shale, limestone, and conglomerate.

The rocks of the Piedmont Plateau are metamorphic and igneous— mica
schist, chlorite schist, phyllite, quartzite, gneiss, granite, granodiorite, diabase,
gabbro, and related types. The metamorphic rocks were originally like the
rocks of the Appalachian Mountains but were transformed, or metamorphosed,
by high temperature and pressure into rocks different texturally and minera-
logically from them. The igneous rocks were intruded molten into the meta-
morphic or into the sedimentary rocks. The age of the rocks of the Piedmont
is not definitely known, but it is believed that they are largely of Paleozoic
age (Cloos, 1937, p. 31-33).

A narrow belt of sedimentary rocks of Triassic age, consisting mainly of red
sandstone and shale, crosses Maryland in Frederick and Carroll Counties.

The rocks of the Coastal Plain are unconsolidated sand, clay, silt, and gravel.
The marine deposits generally show parallel bedding. Lenticular bedding and
crossbedding predominate in the continental deposits. The beds were deposited
on the scaward tilted, eroded surface of the Piedmont Plateau. Continental
deposits were laid down first; later as the sea level rose, marine deposits accu-
mulated on top of them. During the Ice Age (Pleistocene) and Recent times
many oscillations of sea level took place. As the surface of crystalline rocks
on which the Coastal Plain sediments were deposited dips seaward at about
60150 feet to the mile and the sea bottom at 5 to 6 feet to the mile, a wedge-
shaped mass of sediments resulted.

The Coastal Plain deposits comprise about 85 percent of the surface of the
tricounty area and are the depositories of most of the ground water. The Pied-
mont rocks occupy about 15 percent of the area and are the depositories of
the rest of the ground water.

The Appalachian Mountains lie well outside the tricounty area, but erosion
of the mountains furnished much of the material that makes up the early
Coastal Plain deposits. The material comprising the Pleistocene deposits was
derived in part from erosion of the Appalachian and Piedmont rocks to the
west, but in much larger part from glacial debris moved down from the Ap-
palachian area 10 the north by melt waters flowing through the Susquehanna
and Delaware River valleys.

GENERAL PRINCIPLES OF GROUND-WATER OCCURRENCE

The general principles underlying the origin, storage, and movement of
ground water have been described in detail by Meinzer (1923 and 1949), Tolman
(1937), and others. They are touched on very briefly here and only insofar as
they explain technical terms used in the report.

Ground water is derived almost entirely from precipitation. Tt is the portion
of the precipitation (rain or melting snow chiefly) that moves from the land
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surface into the soil by infiltration and thence into underground storage and
circulation. Ground water is defined as water in the zone of saturation. Of the
water that falls on the land surface only about one-third gets into the ground-
water reservoirs. 'The greatest losses occur through evaporation and trans-
piration.

The direct surface runoff is the portion of the precipitation which has not
gone underground, but runs over the surface as streams. Total runoff includes
ground water that discharges into streams, maintaining their base flow. In the
Rock Creek basin direct runoff amounts to about 9 percent of the total pre-
cipitation (Dingman and Meyer, 1954, p. 39); in the Little Gunpowder Falls
basin, 13 percent (Dingman and Ferguson, 1936, p. 50); in the Beaver Dam
basin, 10 percent (Rasmussen and Andreason, 1957, p. 16); and in the Big
Elk Creek basin roughly 15 percent of the total precipitation. Total surface
runoff in these basins amounts to 29, 40, 36, and 43 percent of the precipita-
tion, respectively.

The infiltration capacity of the soil depends on many factors of which the
most important are the texture and composition of the soil. In the tricounty
arca most of the land is cultivated and forested areas are small (16 percent).
The soil is generally loamy or sandy. That the infiltration capacity varies,
however, in conformity with the soil type is illustrated by the fact that in some
arcas farm ponds retain water and in others they do not. In eastern Kent
County and in northeastern Queen Annes County, most of the basin-like de-
pressions, if not artificially drained, contain ponds and swampy grounds. The
ponds are really perched water tables because at many places they can be
drained by sinking a well through the clayey bottom to an underlying perme-
able bed. In central and southeastern Queen Annes County, these depressions
are largely self-draining.

The rate and amount of infiltration depends also on climatic conditions.
When precipitation takes place, the first requirement it must fulfill is to make
up the moisture deficiency in the soil. After this has been satisfied the water
is free to move downward or over the surface. If the rainfall is heavy, runoff
occurs as a sheet movement over the surface to the streams. This water does
not reach the ground-water reservoir unless the stream bed is above the water
table and loses water to it. A slow long-continued rain or melting snow will
contribute most to the ground-water supply. In the growing season or in the
winter when the ground is frozen hard, little water gets into the ground-water
system.

The process whereby the water of infiltration becomes ground water is called
recharge. When the ground-water reservoir is full and more water is added,
excess water will move out of the reservoir as springs or seeps. This excess
water is called ground-water discharge or runoff. It keeps the streams flowing
after direct runoff has ceased.
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Ground water is stored in, and moves through open spaces in the rocks.
The property of a rock whereby it contains openings is called its porosity.
Porosity is expressed in percentages. It is the ratio of the total volume of the
rock occupied by openings to the total volume of the rock. A rock having a
porosity of 25 percent is three-fourths solid rock and one-fourth openings.
Open spaces in rocks differ greatly in size, shape, and arrangement, depending
on the physical character of the rock in which they occur. The fresh crystalline
rocks are only slightly porous, and openings in them are along fractures,
joints, and parting planes, and planes of cleavage or schistosity. In the weath-
ered crystalline rock and in the Coastal Plain deposits, the openings are the
interstices or pores between gravel, sand, clay, and silt grains. The shape,
assortment, and compaction of the grains determine the porosity of the rock.

The size of openings in an unconsolidated rock is one of the chief properties
of the rock that controls the movement of water though the rock or storage
in it. Large openings, such as those in a well sorted coarse gravel bed, permit
the free passage of water. In small openings the effects of molecular forces
that impede the flow of water under gravity, or head, become marked. In rocks
having very small openings, such as silt or clay beds, most of the water under
naturally stable conditions is held fast and the bed is said to be impervious.
Such beds are called aquicludes. The natural conditions may Dbe changed,
however, so that the pressure on the aquiclude is increased or decreased (just
as water held in a sponge may be squeezed out by the pressure of the hand).
The withdrawal of water from an aquifer in a confined system, for example,
causes an increase of rock pressure and water is squeezed from the aquicludes
into areas of lower pressure.

The water in a rock that is not held in storage Dy molecular attraction is
called the specific yield of the rock. Tt is water that is free to drain out of the
rock under natural conditions.

As water sinks downward from the surface through openings in the rocks,
it reaches a certain level, called the water table, below which is a zone in which
the openings are filled with water under hydrostatic pressure—the zone of
saturation. Above the water table the openings are only partly filled with
waler -downward-moving or held by molecular attraction. The direction of
motion of water in the saturated zone generally has a predominately horizontal
component in the direction of the hydraulic gradient. The water table is a
gently undulating surface which commonly conforms roughly to the major
undulations of the land surface. The water table is a free surface that fluctuates
slowly as water is added to or taken away from the ground-water reservoir.
The position of the water surface in a water-table well coincides with the water
table around the well. The position of the water surface in an artesiun well
coincides with the piezometric surface at the well- that is, the position the

free surface takes when the aquifer is under artesian pressure. The water level
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in an artesian well rises above the water-bearing stratum, but an artesian well
is not necessarily a flowing well. A flowing well results only when the artesian
head is sufficient to raise the level above the collar of the well at the land sur-
face. In some artesian wells drilled near tidewater, tidal forces may cause an
artesian well to flow part of the time. Flowing wells are rare in the tricounty
area.

Several terms are used in describing the hydrologic properties of a water-
bearing bed, or aquifer, that require definition. The capacity or ability of a
rock or formation to transmit water under pressure is called its permeability.
The field coefficient of permeability is the number of gallons a day at the pre-
vailing temperature that would flow through a cross-section 1 foot square
under a unit hydraulic gradient, that is, a difference of 1 foot in head in 1 foot
of travel. A term more frequently used is coefficient of transmissibility (1)
which is the field coefficient of permeability multiplied by the thickness in
feet of the saturated part of the aquifer.

The definition of the coefficient of storage adopted in February 1955 by
the U. S. Geological Survey is:

“. .. the cocfficient of storage of an aquifer is the volume of water it releases from or takes
into storage per unit surface area of the aquifer per unit change in the component of head
normal to that surface...”

Since the coefficient is a ratio, it is expressed as a decimal fraction. It is very
small for an artesian aquifer, generally between 0.001 and 0.00001. In a water-
table aquifer the coefficient of storage is for practical purposes equal to the
specific yield of the aquifer, and is usually between 1 and 20 or 30 percent.

The “safe yield” of an aquifer is the yield *“‘at which water can be withdrawn
from an aquifer for human use without depleting the supply to such an extent
that withdrawal at this rate is no longer economically feasible” (Mleinzer,
1923, p. 55). Overpumping may cause such great lowering of the water level
that neighboring wells are deprived of water or are forced to install other types
of pumps. It may lower the hydrostatic pressure of the wells so far as to per-
mit the encroachment of salt or brackish water from bodies of surface water.
Or it may affect the head relationship between two aquifers so that the water
from an aquifer containing poor water may enter and contaminate the water
of an aquifer containing good water.

Ground water 1s commonly in very slow motion in the rock or aquifer in
which 1t occurs. A popular misconception is that water moves underground
in rivers analogous to those on the land surface. Under natural conditions the
velocity of water underground rarely exceeds more than a few feet a day.
Water in some of the aquifers in the area has traveled hundreds of years to
reach its present location. Tlhe velocity of the water depends on the permea-
bility of the rock in which it occurs and on the hydraulic gradient or head
under which it moves, and where these are low the water barely moves at all.
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In this tricounty area discharge from the ground-water reservoirs is almost
entirely a natural discharge. Artificial discharge through pumps is a very small
part of the total discharge. Natural discharge takes place through seeps and
springs, chiefly along the sides and bottoms of streams. Discharge may also
take place through evapotranspiration if the plant roots reach the saturation
zone or if the water table is very near the land surface. In confimed aquifers
due to leakage through breaks or slight permeability in the confining beds,
water may move from one aquifer into another or even to the land surface.
Some moves down the dip beneath the coast, eventually to discharge into the
ocean.

Discharge of Ground Water—Big Iilk Creek Basin

The Big Elk River lies in castern Cecil County. A gaging station was
maintained on the river at Elk Mills and a ten-year record is available from
April; 1932 to September, 1943. The drainage basin has an area of 52.6 miles,
part of which is in Pennsylvania. During the above period, it had an average
discharge of 885,000 gallons per day per square mile.

The mean annual precipitation is 43 inches. The average runoff at the gag-
ing station was 18.33 inches, and the extremes were 22.77 and 12.65 inches,
Average loss due to evapotranspiration, then, is approximately 24.5 inches,
which is about 37 percent of the total precipitation. Total runoff is therefore
43 percent of the precipitation and consists of surface runoff and ground-water
runoff.

Dingman and Ferguson (1956) found that in a basin of similar character
(the Little Gunpowder Falls in Baltimore and Harford Counties) 66 percent
to the total runoff is the ground-water runoff. This figure can perhaps be used
for the Elk River basin without significant error. Ior the Elk River, then,
the ground-water runoff is about 12.2 inches or 28 percent of the total pre-
cipitation. Direct surface runoff is 6.3 inches or 15 percent of the total pre-
cipitation. Rasmussen and Staughter (1955, p. 190) showed that in the Beaver-
dam basin of Wicomico County about 65 percent of the total precipitation was
lost by evapotranspiration. The area is underlain by Pleistocene and Recent
sediments.

Determination of the H ydrologic Properlies of Aquifers
by Means of Pumping Tesls

The hyrologic properties of an aquifer may be determined from carefully
controlled pumping tests, but it is difficult to find places where the necessary
requirements for the tests are fulfilled. Usually the pumping well should be
producing from only one aquifer, and the effects on water levels of other pump-
ing wells should be such that they can be allowed for in the analysis of the data
obtained from the test. The specific-capacity method and the aquifer-test
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method are practical field methods used to determine the hydrologic character-
istics of aquifers.

The specific capacity of a well is determined by measuring the yield of a
pumping well and the decline of the water level in the well. 1t is expressed in
gallons per minute for each foot of drawdown of the water level and is a rough
index of the aquifer’s capacity to yield water. The specific capacities of wells,
computed from data reported by well drillers, have been tabulated for indi-
vidual aquifers and are discussed in the sections describing the geologic forma-
tions. The drawdown or decline of the water level in the pumped well is pro-
portional to the logarithm of time rather than directly proportional to the
time since pumping started. Thus, in an arithmetic plot of water level, the
apparent leveling off of the pumping water level does not necessarily indicate
stabilization of the yield of the well. Unless the change of water level is meas-
ured to the accuracy of 0.01 foot, and not simply to the nearest foot, an er-
roneous conclusion can be reached regarding the apparent stabilization of
water levels of a pumped well.

The aquifer-test method is used to determine the coefhcients of transmis-
sibility and storage of an aquifer. These coefticients are used to forecast pump-
ing water levels, to determine the amount of ground water available under
different hydrologic situations, to determine the most efficient and economical
spacing of wells, and to aid in solving many related hydraulic problems. The
basic data used to compute the coefficients are obtained by measuring very
carefully the yield of a pumping well in gallons per minute and the change in
walter level in the pumping well (when possible) and in one or more observa-
tion wells. The distance between pumping and observation wells is also ac-
curately measured. Water level measurements of the recovery of the drawdown
cone are also made after pumping has ceased as a computation check.

The drawdown data are analyzed by a method developed by Thiem (1906)
and discussed by Wenzel in detail (1936, 1942), or by a mecthod developed by
Theis (1935). The Thiem formula, the basic equilibrium formula, is used to
determine the coefficient of transmissibility by measurement of differences in
drawdown or recovery in two observation wells. The formula is applicable
only when the hydraulic system has reached a state of steady flow—that is,
when the cone of depression has essentially reached equilibrium shape. The
Theis formula can be used to determine both the coefficients of transmissibility
and of storage by use of one or more observation wells in which measurements
arc made of the change of water levels during drawdown or recovery. The Theis
formula includes the factor of time and thus does not require the hydraulic
system to be i a state of equilibrium. The Theis formula is the basic non-
equilibrium formula. Both formulas are based upon the following assumptions:
(1) the aquifer 1s homogeneous and capable of transmitting water equally read-
ily in all directions, (2) the discharging well penetrates and receives water from



GROUND-WATER RIESOURCES 23

the entire thickness of the aquifer, (3) the aquifer has infinite areal extent, (4)
the aquifer has a uniform thickness. The equilibrium formula is based on the
additional assumptions that pumping has continued at a uniform rate over
sufficient time to reach a steady state for the hydraulic system and that flow
is laminar. The nonequilibrium formula is based on the further assumptions
that the well has an infinitesimal diameter, that water removed from storage
is discharged instantaneously with decline in head, and that flow of water
toward the well is radial or two-dimensional.

A variation of the Theis nonequilibrium formula devised by Cooper and
Jacob (1946) is used to determine the hydrologic coeflicients. This method
serves as a check against the other methods and helps to average out human
error inherent in the matching of data to type curves. Procedures of analysis
and their applicability are summarized by Brown (1953).

A graphic illustration of the use of the coefficients of transmissibility and
storage is shown in figure 3 portraying the theoretical lowering of water level
in the vicinity of a pumping well of constant discharge, after 30, 180, and 400
days of continuous pumping. The difference in water levels between 180 and
400 days is much less than the difference between 30 days and 180 days of
continuous pumping. In other words, the decline of the water level is logarith-
mic with time.

Aquifer tests were made on wells ending in the following geologic units and
at the following places:

Geologic unit Location

Pleistocene deposits Barclay, Queen Annes County
do Price, Queen Annes County
do Iilkton, Cecil County

Aquia greensand Massey, Kent County

do Chestertown, Kent County
do Queenstown, Queen Annes County
Monmouth formation Massey, Kent County
do Kennedyville, Kent County

Matawan and Monmouth formations Rock Hall, Kent County

Magothy formation Cecilton, Cecil County

Patapsco formation Elkton, Cecil County
do Camp Rodney, Cecil County:

Crystalline rocks Rising Sun, Cecil County

GEOLOGIC FORMATIONS AND THEIR
WATER-BEARING PROPERTIES

The lithology and water-bearing propertics of the geologic formations that
crop out or are found in wells in the tricounty area are briefly described in
Table 10. A map of the geologic formations of the upper Chesapeake Bay arca
is shown on Plate 4. The actual outcrops of the formations are usually con-
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System

Quaternary

Tertiary
Eocene

Pliocene
)

Series

Recent

Pleistocene

Miocene

Paleocene

GROUND-WATER RESOURCES

TABLE 10

Geologic Formations and Their Water-bearing Propertics in Cecil, Kent, and
Queen Annes Counties

al Thickness
3 l‘'ormation (range in
5 feet) |
I =
= 0-10
‘ ‘ - » —
|| Talbot 0-20
"ﬂ Wicomico 20-80
L%S Sunderiand 0-20
|'e
|©
Brandywine 0-20 ‘
and
[ ] Bryn Mawr 0-20 ‘
| gravels
i Choptank Unknown
|
1 Calvert 13-165
| |
‘ Piney Point Unknown
Nanjemoy 0-100

Aquia greensand 60-230

Pamunkey

| Brightscat —

Lithology

Water-bearing properties

Silt and sandy loam soil; tidal
marshes and beach sand.

Sand and gravel, elay, and
sandy clay, lenticular, cross-
bedded, and variable. Fluvial
and marine in origin.

Coarse sand and gravel. IFluvial
in origin.

Sand, silt, and shell layers in
counties to the south. Pos-
sibly present only in south-

eastern Queen Annes County

Chiefly sandy clay and shell
beds. Much blue clay re-
ported in well logs. Marine
in origin.

Not recognized in wells in the
area. May be present in sub-
surface in south and south-
cast Queen Annes County.

Chiefly gray and brown clay in
wells on Kent Island. At
Grasonville, chiefly green-
sand. Marine in origin.

Brown, silty greensand in
Kent County and northern
Queen Annes County. Green-
sand alternating with thin
hard lime-cemented beds in
southern Queen Annes
County. Marine in origin.

Not recognized in the area.
May be present in subsurface
in southern and southeastern
Queen Annes County.

Unimportant as a source of
ground water. A few wells in
sands near estuaries.

| Wicomico formation is the most

widely used aquifer in the
area. Talbot and Sunderland
formations are not important
aquifers. Water of good chem-
ical character obtained from
dug or driven wells.

Unimportant as a source of
ground water. Occurs as isa-
lated patches on hilltops.

Only a fair aquifer in Caroline
and Talbot Counties.

Not an important aquifer in the
arca. Water-bearing mainly in
southeast Queen Annes Coun-
ty.

An excellent aquifer in counties
to the south and in southern
Maryland.

An aquiclude in vicinity of Kent
Island, but may be water-
bearing at Grasonville and
eastward in Qucen Annes

County.

The most important source of
ground water in Queen Annes
County. Several hundred
wells yicld from it on Kent
Island and at Quecenstown and
Grasonville. Also public sup-
ply wells at Chestertown in
Kent County.

Not regarded as an aquifer.
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TABLE 10 —Continued

Thickness
(range in
feet)

80-100

50-65

0-80

0-237

130-1,100

125-500

Indefinite
depth

Lithology
|

Brown glauconitic sand and | An

| sandy clay; iron-bearing.
Marine in origin.

o= =
¢ Dark gray, micaceous, glauco-
| nitic sand and silty sand.

Marine in origin.

Dark gray carbonaceous clay
and white sand. lstuarine

(?) and continental in origin.

Chiefly fine sand and sandy
clay. Lenticular and cross-
bedded. Non-marine in ori-

Chiefly pink and mottled clay;
also sandy clay, fine sand,

| and some coarse sand or
gravel; lenticular and cross-
bedded. Non-marinc in origin.

Chiefly light-colored clay,
sandy clay, and fine sand;
some coarse sand or gravel,

‘ lenticular, and crossbedded.
Non-marine in origin.

|
‘lgneous and metamorphic

rocks: granodiorite, gabbro,
metadacite, serpentine, chlo-
ritic and mica schist.
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Water-bearing properties

important water-bearing
formation in Kent County.
Water tastes of iron. Probably
an aquiclude in southern
Queen Annes County.

An important water-bearing for-
mation in Kent County. Prob-
ably an aquiclude in southern
Qucen Annes County. Water
commonly tastes of iron.

An important potential source
of water in Kent and Queen
Annes Counties. Water tastes
of iron in many localities.

| Used chiefly in Cecil and Kent

Counties, but an important
potential source of water in
all three counties. Water
commonly tastes of iron.

Used chiefly in Cecil County,
but an important potential
source of ground water in
Kent and Queen Annes
County.

Few wells tap this formation.
Water generally tastes of iron.
Salt water reported at Ches-

tertown.

Important source of domestic
supply in northern Cecil
County. Most wells less than
150 feet deep. Chemical char-
acter gencrally satisfactory.

cealed by a thin mantle of Pleistocene and Recent deposits. The depths below
sea level of the top or bottom of some of the water-bearing formations are
indicated on Plates 6, 7, 8 and 10.

Precambrian and Paleozoic Crystalline Rocks

Distribution

Hard crystalline rocks of the Piedmont Plateau underlie about 190 square
miles of the surface area of Cecil County. The dissected surface of these rocks
slopes toward the south and southeast at an inclination of from 60 to 150 feet
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to the mile, and disappears at the Fall Zone beneath the softer Coastal Plain
rocks.

Rock Types

A complex of metamorphic and igneous rocks underlies the Piedmont area
of Cecil County (Plate 5). The metamorphic rocks are mica and chlorite schists,
gneisses, and metadacites. The igneous rocks are both intrusive and volcanic.
Contained in the intrusive bodies are large numbers of wall rock inclusions.
The older intrusive rocks (such as the gabbros) and the extrusive rocks (the
dacites) show varying degrees of metaporphism; the granodiorites show little
metamorphism.

The chief igneous rock types of the arca are granodiorite (hornblende, bio-
tite, biotite-hornblende varieties), gabbro and associated ultrabasic rocks
(chiefly peridotite and serpentine), and metadacite. Dark-colored diabasic
dikes are very common. Aplite, pegmatite, and granite porphyry dikes are
also present. Quartz stringers are common at places and are important hy-
drologically as their presence is marked by an increase in the number of frac-
tures and crevices in the rocks.

The age relations of the igneous rocks are discussed by Cloos and Hershey
(1936) and by Hershey (1937). The Port Deposit granodiorite, the largest of
the intrusive bodies, contains the youngest rocks. They intrude gabbro, meta-
dacite, and schist. The gabbro, in turn, is intrusive into metadacite and schist.
Probably of the same age are the serpentine and ultrabasic rocks. The volcanic
rocks (metadacites) are the oldest.

Openings in the Rocks

The water-bearing properties of a rock mass depend on the number, size,
shape, and distribution of the openings in the rocks. Openings are of two kinds
primary openings formed at the same time as the rock and secondary openings

formed later. The crystalline rocks of the Piedmont arca have a very low pri-
mary porosity, one percent or less (Dingman and Meyer, 1954, p. 19, Table 7).
Hence the primary porosity has little effect on the movement and storage of
ground water.

Secondary porosity in the region is of two major types—openings formed
by the dynamic action of large earth forces (faulting, etc.) and those formed
by the weathering of the rocks.

Rocks subjected to dynamic ecarth forces, where these are sufficiently great,
become plastic and develop flow and fracture cleavage, as in the schists, gneisses,
and metadacites. However, where these openings are very closely spaced and
not interconnected, they are of little importance in controlling the movement
of water. Subsequent to the crumpling and folding of the rocks, later forces
acted on the rigid rocks and caused extensive fracturing and movement along
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the fractures. These fractures are the principal openings in the unweathered
rock. The most noticeable fractures are the regional tension joint systems
which are strikingly seen in the quarries along the Suscuehanna River above
Port Deposit (lershey, Pl 17). The openings vary in spacing and width, al-
though, in general, they are not wide. Shear zones are very common in the
area (Hershey, p. 139). IFaults are more persistent and extend to greater depth
than joints and minor fractures. Since the various rock types have different
physical properties, they fracture differently. Very brittle rocks, such as peg-
matites and quartz veins, are more fractured and therefore better waterbearers
than less brittle rocks such as mica schist.

Weathering is of two general kinds -physical and chemical. Physical weath-
ering is caused by the expansion and contraction of the rock under surface
temperature changes and by gravitational forces which cause the widening
of cracks by wedging. Chemical weathering is essentially the formation of new
minerals from original minerals that are unstable under atmospheric tempera-
tures and pressures. Water, particularly when acidified with carbon dioxide
and organic acids, is the chief agent of chemical weathering. Weathering breaks
down and comminutes the hard crystalline rocks, forming a porous mantle of
soil, subsoil, and partly altered rock. The material at the surface depends in
part on the type of rock below. Rock weathering to clay forms subsoils that
are porous, but not highly permeable; rock containing much quartz forms soils
that are both permeable and porous; serpentine forms almost no soil. Differ-
ent rocks have different susceptibility to weathering. 1t is common to find a
drilled well penetrating a relatively hard unweathered rock above a soft highly
weathered rock. Such soft rocks are reported by some drillers as “‘quicksand”.
Investigations of wells by electric logging by Bennett and Meyer (1952, p.
26 28) and others indicate variations in weathering at different depths. Weath-
ering also tends to enlarge pre-existing fractures and joints by solution of their
walls, thereby increasing storage capacity and permeability.

Table 11 shows the range in thickness of the weathered mantle and the per-
cent frequency of the wells drilled through various thicknesses of weathered
rock. The thicknesses are based on the depth at which casing is set in the well.
It is common practice among the drillers in the crystalline-rock area to set
casing on the first hard rock encountered. The table shows that more than half
the wells (35 percent) penetrate 0 to 49 feet of weathered rock. The average
thickness of the weathered zone in Cecil County is 48 feet. In the highly dis-
sected Oakwood and Colora areas the thickness of the weathered zone is less
than 50 feet in 90 percent of the wells; in the Rising Sun and Calvert areas
(mature upland topography) the thickness is greater than 30 feet in 87 per-
cent of the wells.

The topography of the Piedmont area is an important element in determin-
ing the thickness of the weathered zone. Moving water, both surface and under-
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ground, is the principal agent that removes the products of weathering. Where
the velocity of the water is relatively high, as on steep hillslopes, the soil is
generally thin at the top of the slope owing to its rapid removal by water. It
correspondingly thickens in the lower part of the slopes. In the valleys the
thickness of the weathered zone depends in part on the width of the valley and
on the gradient of the stream draining it. On mature, flat, upland surfaces,
such as those of much of north-central Cecil County, where weathering has

TABLE 11
Thickness of Weathered Zone in the Crystalline Rocks in Cecil County

(ruTlgiCE(r?(l"Zt) Number of wells Percent frequency
0- 24 43 21
25- 49 70 34
50- 74 53 26
75- 99 28 14
100-124 7 ’ 4
125 149 2 ] 1

0-149 203 ] 100

TABLE 12
Yields of Crystalline-rock Wells in Cecil County

(gall{lg:[s;i):‘? %licr!gt(\ Number of wells Percent of wells in yicld groups

0.1- 9 125 58

10 -19 60 28
20 29 14 7
30 -39 9 +
40 -68 7 3

0.1-68 215 100

gone on for a long time, the weathered mantle is thickest, as much as 150 feet
in places.
Vield of Wells

Geologic features bearing on yield of wells are: rock type, degree and extent
of fracturing, topography, and weathering. The reported yields of the drilled
wells average about 11 gallons a minute, and the specific capacity averages
1.6 gpm/ft. of drawdown. The reported yields are probably somewhat low be-
cause commonly the yield tests are made before the well is fully developed.
Table 12 shows the percent distribution of wells in different yield groups.
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None of the wells had a yield of more than 68 gpm and 86 percent of the wells
produced less than 20 gpm.

Rock type and yield

A relationship would be expected between rock type and well yield because
different kinds of rocks have different physical characteristics, such as tensile
strength and resistance to fracturing and differences in susceptibility to weath-
ering. The Cecil County Piedmont, however, is not a good place for such a
study because of the complexity of the rocks (Plate 5). Furthermore, deep
weathering at most places conceals the character of the underlying rock, mak-
ing its classification uncertain. Comparatively few well cuttings were available
to aid in classification of the rocks. Other factors, such as topographic location

TABLE 13
Average Depth and Vield of Crystalline-rock Wells in Cecil County by Geologic Unils

Depth (feet) Yield (gpm)

|
Range Average
|

Rock type s =
Number |
of wells

’ Number

‘ offwrells Range lAverage

Contact zones 32 18-160 04 20 5-30 14
Granodiorite , 180 14-294 70 108 0.1-68 12
Gabbro | 37 25-109 57 23 3-20 9
Metadacite | 23 24-226 | 93 ’ 22 0.5-42

Serpentine || 18 11-215 61 9 3-14
Schist 65 | 13-150 ’ 6 | 32 | 315

8
8
7

and degree of development of the well, may be more effective in determining
yield than rock type.

Table 13 shows the average yield and the average depth of the wells accord-
ing to the type of rock in which they were drilled. The relative size of the areas
of rock outcrop is roughly indicated by the number of wells penetrating the
various rock types. Granodiorite underlies the largest area and serpentine the
smallest. The average yields for the various rock types are only approximations
Lecause the yields reported for many wells by the drillers are only estimates.
The validity of the value determined for serpentine is affected also by the
small number of wells used in figuring the average.

Wells penetrating contact zones have the highest average yield (14 gpm),
and wells penetrating the schist and metadacite have the lowest average yield.
The average depth of wells in the various rock types ranges from 57 to 93 feet.
In general, little significance can be attached to the depths, although the
greater average depth of the metadacite wells may indicate that many wells
in this rock type are drilled deeper in an attempt to obtain a greater yield.
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The comparatively highaverage yield (14 gpm) from wells penetrating contact
zones is to be expected, for in these zones the rocks are likely to be more highly
fractured and creviced. Also intrusive quartz or pegmatite bodies are probably
more common in the contact zones. The low average yield of the schist wells
(7 gpm) is well below the value of 11 gpm reported for similar rocks by Ding-
man and Ferguson in Baltimore and Harford Counties (1936, p. 20). Possibly
the schists in Cecil County are less weathered and {ractured than in the other
counties.

Topography and vield

In Table 14 wells are grouped according to their location on upper hillslopes
or on lower hillslopes. Almost no wells inventoried were on the very tops of
hills, and very few were in the valley bottoms. A division was made between

TABLE 14
Topography and Yield of Wells in the Crystalline Rocks in Cecil County

Yield Upper hillslope ‘ Lower hillslope
(gpm) ‘ Number of wells Number of wells
0-4.9 | 10 8
5-9.9 30 12

10-14.9 [ 14 16

15-19.9 5 |‘

20-24.9 1 3 ‘ 8

Total | 62 | 50

wells on the upper slopes of hills and those on the lower slopes, as it was ex-
pected that, since the area of recharge was less for the upper slopes than for
the lower slopes, the wells on the lower slopes would give the highest yields.
The average yield of wells on the upper hillslopes is about 9 gpm and on lower
hillslopes about 12 gpm. Topography, therefore, is an important factor gov-
erning the yield of a crystalline-rock well. Wells located in valley bottoms
adjacent to streams will generally have the highest sustained yields provided
the valley fill is permeable and the stream bed not silted over. The stream
serves as the principal recharge source.

The weathered zone and yield

As the weathered zone acts as a storage reservoir for the underlying denser
and less pervious crystalline rocks, a tabulation of drilled wells was made to
determine whether a relationship exists between thickness of the weathered
zone and the yields of wells. Table 15 shows that the highest average yield is
from wells where the weathered zone is less than 25 feet thick. Where the weath-
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ered zone is thicker there is only a slight decrease in the average yield with
increasing thickness. Two wells penetrating an exceptional thickness of the
weathered zone, more than 124 feet, are omitted from the table. The average
yield of these two wells is 17 gpm, a value which may Dbe fortuitous, but sug-
gests that the yields of these rock wells are governed chiefly by factors other
than the depth of weathering.

TABLE 15
Thickness of Weathered Zone and Yield of Wells in the Crystalline Rock Area in Cecil County

Thickness of weathered zone

feet) Number of wells Average yield

0- 24 40 14.1
25- 49 62 10.4
50- 74 47 9.3
75~ 99 25 7.0
100-124 7 8.9

0-124

TABLE 16
Vield of Wells in the Crystalline Rocks in Cevil County by Depth Inlervals

Number of wells in yield range Yield (gpm)

Number of -
wells 20 and
over | Average

gpm |

Range in depth (ft.) e
er foot

0-4.9 \ 5-9.9 I10—14.9 15-19.9
of well

gpm | gpm | gpm | &pm

0-49.9 3 14 ‘ 12 | 5
50-99.9 21 50 ‘ 24 ‘ 13
100-149.9 16 12
150 and over 3 5

Total 43 81

Depth and yield

Wells in the crystalline rocks are relatively shallow. Ninety-two percent are
under 150 feet deep and 76 percent less than 100 feet deep. Only 17 wells are
deeper than 150 feet. Additional deep wells would be needed to determine
statistically the relationship between yield and depth of wells below 130 feet.

Table 16 shows the number of crystalline-rock wells and their average yield
in four depth intervals and the number of wells in five yield ranges from 0 to
over 20 gpm. The most common yield range is 5 to 9.9 gpm. The most com-
mon depth interval in this yield range is 50 to 99.9 feet. 'The highest average
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yield is 20.8 gpm for 17 wells 150+ feet deep. The reason for this anomaly is
probably that many of these wells were drilled for commercial or institutional
supplies and were tested for their maximum yield. In general, the yield per
foot of well decreases below a depth of 30 feet. This conclusion is substanti-
ated elsewhere in the Maryland Piedmont (Dingman and Ferguson, p. 34).

Water-bearing Properties

H ydrologic coefficients

Rising Sun test.—On July 9, 1933 an aquifer test was conducted at Rising
Sun by utilizing public-supply wells Ce-Ac 38 to -Ac 40. The test was run to
evaluate the hydrologic coefficients of the Port Deposit granodiorite (gneiss)
at Rising Sun.

To determine the subsurface character of the rocks, test hole Ce-Ac 20 was
drilled by the rotary method on January 31, 1956 to a depth of 97} feet. It is
located between wells Ce-Ac 37 and -Ac 39. The distance between pumping
well Ce-Ac 37 and observation wells Ce-Ac 39 and -Ac 40 1s 125 and 130 feet,
respectively. The cuttings show an upper clay and underlying soft rock layers
to a depth of 45 feet, mixed clay and weathered rock (saprolite) from 45 feet
to 87 feet, and hard gneissic rock (granodiorite?) with much clear vein quartz
from 87 feet to 97} feet. Although the locality has been mapped geologically
at the surface, the only available detailed subsurface data are from the test
hole.

Well Ce-Ac 38 was pumped 2 hours and 5 minutes prior to the start of the
test in order to establish a pre-test water-level trend. It continued pumping
during the test to supply water to the town. Its pumping rate of 68 gpm was
determined by means of an orifice and piezometric tube. Well Ce-Ac 37 was
pumped for 240 minutes at a rate of 30 gpm. Water in excess of the town’s
needs was discharged to a nearby stream. Water level measurements were
made in observation wells Ce-Ac 39 and -Ac 40 with automatic water-stage
recorders. At the end of 240 minutes, well Ce-Ac 37 was shut off and measure-
ments were made of the recovery of the water levels for 100 minutes.

The coefficients of transmissibility and storage obtained from the water
levels from wells Ce-Ac 39 and -Ac 40 averaged 14,000 gpd per foot and 0.003,
respectively. Plotting of drawdown and recovery curves for the comparatively
short duration of the test did not disclose any recharge or discharge bounda-
ries. According to the test data, a small stream about 40 feet from the observa-
tion wells did not recharge the aquifer during the period of pumping. This is
corroborated by the log of well Ce-Ac 26 which shows an impervious clay at
the surface.

An aquifer test of longer duration may disclose recharge or discharge bound-
ary conditions which might affect the computation of the hydrologic constants
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of transmissibility and storage. The coefficients of transmissibility obtained
by this aquifer test are well above the average values (2,300 to 5,300 gpd/ft.)
obtained for similar rock types in Harford and Baltimore Counties by Ding-
man and Ferguson (1956, p. 22).

Comparison of the static water levels in 1956, about 6 feet below the land
surface, with those in 1918, also about 6 feet (Clark and others, 1918, p. 266),
shows there has been no extensive dewatering of the aquifer at Rising Sun as
a result of pumping from the public-supply wells.

Springs

Many springs are found in the county although few of them are used as a
source of domestic water supply. Twenty-one springs used for farm or domestic
purposes were inventoried. The springs have estimated yields ranging from
less than 1 to 27 gallons a minute. Eight of the springs issue from rock frac-
tures; eight are seepage springs; and three issue from contact zones. Only
three of the springs are reported as having gone dry at any time.

The largest spring (Ce-Bb 23) was flowing at the rate of about 24,000 gal-
lons a day in September 1953. Tts flow ranges from about 18,000 gallons a day
in October to 40,000 gallons a day in March or April. The spring is in a steep
draw at an elevation about 170 feet above the Susquehanna River. It is used
to supply a swimming pool.

Springs are the partial source of the public-supply system at Perryville and
Carpenter’s Point.
Data concerning the springs of Cecil County are given in Table 17.

Ground-waler Supply of Local Areas

Data on the water supply of local areas are summarized here. The letters
after the name of the arca designate the map locations (I’L. 1).

Oakwood (Aa)

Average depth of drilled wells is 56 feet; average yield is 8 gpm; yields range
from 6 to 12 gpm. The terrain is strongly dissected by the Susquehanna River
and its tributary, Octoraro Creek. The thickness of the weathered zone is
from 8 to 50 feet. The quality of the water is generally good, but somewhat
hard -120 to 186 parts per million—from wells drilled into serpentine rocks.

Colora (Ab)

Average depth of drilled wells is 49 feet; average yield is 10 gpm; yields
range from 4 to 20 gpm. Thickness of weathered zone is 8 to 50 feet. The ter-
rain is deeply cut by Octoraro Creek and its tributaries. The quality of the
water is good, except for well Ce-Al 26 in serpentine, which is very hard 205
parts per million of hardness.
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Rising Sun (A¢)

Thickness of weathered zone chiefly between 50 and 100 feet. Surface gen-
erally mature except to northwest of Rising Sun. The water from this area is
of good quality.

TABLE 17
Type and Yield of Cecil County Springs

Yield

Location Type (gpm)

Permanence

Ce-Aa 7 Rock fracture 2 (est) Permanent
Aa 11 do 2 (est) do
Ab 23 do 12 (est) do
Ac 36 do 3 (est) Low in summer
Ac 18 Seepage 8-10 (rept) Permanent
Ae 21 do . Dry at times
Ae 27 do Permanent

Al 9 Rock fracture 10 (rept) do

Bb 13 do 7 (est) I do

Bb 16 do 6-7 (est) do

Bb 20 Contact 3 (meas) do

Bb 23 I Contact (?) 17-27 (rept) do

B 24 Rock fracture 10 (rept) do

Be 17 | Seepage L (est) Dry in summer
Bc 30 do — Permanent

Be 32 Rock fracture 114 (est) do

Bd 32 Seepage 1 do

Bd 33 do 0 do
Bd 34 do 3 do
Bd 57 Contact | > do
Bf 30 Seepage do

Calvert area (Ad)

Average depth is 88 feet; average yield is 8.7 gallons a minute; range in
yield is 5 to 15 gallons. The thickness of the weathered zone ranges between
50 and 100 feet. The land surface, except for the southeast part, is mature.
The quality of water is generally good. Some of the dug wells failed during
the 1955 drought.

Fair Hill (Ae)

Average depth of drilled wells is 89 feet; average yield is 8.3 gallons; range
in yield is 2% to 15 gallons. The thickness of the weathered zone lies between
14+ and 49 feet. The area is well dissected by the Elk River and its tributaries.
The quality of the water is reported generally to be good, although three wells
inventoried report water slightly hard or with taste of iron.
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Appleton (LAf)

Average depth of drilled wells is 66 feet; average yield is 8.9 gallons; range
in yield is 4 to 18 gallons a minute. The weathered zone is 22 to 75 feet thick.
The land surface is rather deeply dissected by Elk Creek and the Christina
River. Water is reported to be of good quality.

Porl Deposit (Bb)

Average depth of drilled wells is 64 feet ; average yield is 9 gallons a minute;
range in yield is 1} to 20 gallons a minute. The land surface is deeply dissected
by the Susquehanna River and its tributaries. Gravel is present in the south-
east part of the area. Water is reported to be generally of good quality. Wells
Ce-Bb 21 and -Bb 22, at the edge of the Susquehanna River, produce brackish
water.

Craigtown (Bc)

Average depth of drilled wells is 77 feet; average yield is 7.9 gallons; range
in yield is 3 to 25 gallons a minute. Most of the southern half of the area is
covered by gravel or by Lower Cretaceous deposits. The land surface is well
dissected by Principio Creek and its tributaries. The quality of the ground
waler is reported to be good.

Bay View (Bd)

Average depth of drilled wells is 68 feet; average yield is 13 gpm; range in
yield is 4 to 383 gpm. Lower Cretaceous deposits and Pleistocene sands and
gravels cover most of the area. The surface is well dissected by streams which
have cut through the soft rocks into the underlying crystalline rocks. Both
good water and water with taste of iron are reported.

Childs (Be)

Only 6 of the drilled wells obtain water from the crystalline rocks. The qual-
ity of the water is good.

Elk Mills area (Bf)

Only 7 of the drilled wells yield water from the crystalline rocks. Most of
the arca is covered with Lower Cretaceous and Pleistocene deposits. The qual-
ity of the water is good.

Perryville (Cc)

Sixteen drilled wells tap the crystalline rocks although the surficial rocks
consist of sand, clay, and gravel. The average depth of the wells is 46 feet and
the average yield is 5.8 gpm.
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Development and Ulilization

About 750,000 gallons a day of ground-water is estimated to be pumped from
wells in the Piedmont area of Cecil County. Nearly all the water is used for
farm and domestic purposes. A small amount is used for light manufacturing
and commercial use such as fireworks plants, garages, motels, and stores.
Ground water is used for the supplies of North IHast, Perryville, and Rising
Sun.

Large ground-water supplies cannot be developed in the crystalline rocks of
Cecil County. Wells will produce enough water almost anywhere in the area
for farm and domestic use, but large industrial users will have to depend on
surface water.

CRETACEOUS SYSTENM

The deposits of the Cretaceous system form a south to southeast dipping
truncated, wedge-shaped mass which rests on the eroded surface of the crystal-
line rocks and 1s overlain by less steeply dipping Tertiary deposits. The bot-
tom of the wedge crops out at the Fall Line, and the top in western Kent
County and in the extreme southeast corner of Cecil County. At Chestertown
the top of the Cretaceous strata lies about 100 feet below sea level and its base,
about 1,400 feet below sea level; at Queenstown, the top is at 325 feet and the

base at 1,700 feet; at Queen Anne the top is at about 630 feet and the base at
2,500 feet.

LowER CRETACEOUS SERIES

Three formations —the Patuxent, Arundel, and Patapsco making up the
Potomac group were formerly assigned to the Lower Cretaceous series (Clark
and others, 1911, p. 57). On the basis of invertebrate fossils from the oil-test
well Esso no. 1 at Ocean City, Maryland (Vokes, 1948, p. 126-133), and a
reinterpretation of Lull’s work on the reptilian remains from the Arundel clay,
the Arundel clay and the overlying Patapsco formation are now considered
of Late Cretaceous age. The Arundel clay, which is best exposed in the Balti-
more-Washington region, has not been found in the tricounty area.

Patuxent Formation

Distribution and Lithology

The Patuxent formation is poorly exposed in the tricounty area. 1t crops
out chietly as outliers and as narrow bands along the stream valleys of the Fall
Zone. It is overlain unconformably by the Patapsco formation and by Plio-
cene(?) and Pleistocene terrace deposits. It rests on Precambrian or early
Paleozoic crystalline rocks (Pl. 4 and fig. 4). Outliers of the Patuxent forma-
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tion occur at Elk Mills, Singerly, Cherry Hill, Egg Hill, Bay View, and Blythe-
dale.

The rocks of the Patuxent are of continental origin. They were probably
deposited in running water and in small lakes and ponds. The fineness of the
sediments, however, indicates that they were not deposited in rapidly moving
water. A basal conglomerate is absent and the beds of the Patuxent rest on
the residual clays of the weathered crystalline rocks. The type and distribu-
tion of the sediments indicate that the surface on which they were deposited
lay above sea level and was inclined seaward at a small angle.

Lithologically the Patuxent and Patapsco formations are very similar, con-
sisting characteristically of sand and clay, but the sands of the Patuxent for-
mation arc more micaceous and more arkosic than the sands of the Patapsco
formation and the clays of the Patapsco formation arc generally more highly
colored than those of the Patuxent. These differences, however, are difficult
to recognize in most well logs.

The sediments of the Patuxent were laid down on an erosion surface of Ire-
cambrian and Paleozoic(?) rocks. The surface is generally believed to be the
continuation southeastward of one of the peneplains whose remnants are seen
in the Piedmont and Appalachian regions, but this relationship has been ques-
tioned (Sharp, 1929, p. 544). Isostatic adjustment, through overloading, proba-
bly caused tilting of the plain eastward and southeastward (Pl. 4 and fig. 4).
The configuration of the surface below the Coastal Plain deposits is only
vaguely known. The deep weathering of the surface and the distribution of
the clays of the Patuxent suggest that the surface was gently rolling. That the
surface was not completely flat and featureless is shown by the emerged hills

which rise more than 200 feet above its general level ~Grays Hill in Cecil

County and Chestnut and Iron Hills in Delaware.

The Patuxent formation consists of discontinuous beds and lenses of un-
consolidated sand, clay, silt, and gravel. Clay and sandy clay are the most
abundant, sand is fairly abundant, and gravel is least abundant. The clays are
generally light colored—white, yellowish, pink, or red. Where much organic
matcrial is mixed with the clay, it is dark gray. The sand is mainly fine-grained,
white, yellowish, or brownish in color, micaceous, and somewhat arkosic. The
coarse-grained sands, which are the chief aquifers in the formation, are at
places firmly cemented with brown iron oxides. Gravel is present chietly as
scattered pebbles in sand or sandy clay. A heavy basal conglomerate like that
in the Baltimore arca (Bennett and Meyer, 1952, p. 34) has not been seen in
Cecil County. The beds of coarse conglomerate on the hilltop near Bay View,
designated as Patuxent on some of the carly geologic maps, are believed (o be
Bryn Mawr or Brandywine gravel.

Only an incomplete picture of the composition and texture of the Patuxent
formation can be obtained from the poor exposures of the arca. The distribu-
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tion and relative thicknesses of the lithologic types can, however, be deter-
mined from the drillers’ logs and well cuttings. The log of well Ce-Bf 41 (Ta-
ble 48) is a typical example of the sediments in the Patuxent formation. The
log is of interest chiefly because of the prevalence of fine-grained sand and
clay. Neither gravel nor coarse-grained sand is reported. Other well logs show-
ing the Patuxent formation are Ce-Be 46, Ce-Cc 12, Ce-Cc 15, and Ce-Cd 1
(Tables 48 and 31).

TABLLE 18

Thickness, in Feet, of Sediments in Wells penetrating ihe Patuxent Formation
(data from drillers’ logs)

|
| Thick-

- . Sandy clay Total
. No. of Sand and 3 : s of
Area or Locality weolls Clay (;rav(:ll :gg ::h))(’i rfg;z}z;;ﬁxé “‘S‘;{:ﬁr
Central Cecil County 10 121 147 l 134 402 55
Percent — 30 3 39, 100 14
Baltimore area® 35 2,129 2,936 970 6,023 77
Percent — 35 49 16 100 49

a Data from Bennett and Meyer (1952, p. 35).

The partial log of well Ce-Bd 27 shows the contaet hetween the Patuxent
formation and the underlying weathered crystalline rocks:

Patuxent Formation in Well Ce-Bd 27 at North East

Thickness
(feet)
Patuxent formation:
Clay, light yellow and blue................. ... .. - s .20
Clay,soft, gray. ... ... ... ... . o o T .13
Crystalline rocks:
Clay, stiff, gray............................ § e - - R - .9
Rock,soft. ... ... ... ... .. 16

A basal conglomerate is lacking and the gray clay in the Patuxent formation
may be residual clay of the weathered basement rock. Other logs showing the
contact at the base of the Patuxent are Ce-Bc 14, -Bd 16, -Bd 28, -Bd 29,
-Be 9, and -Bf 46 (Table 48).

The thicknesses of the different types of sediments shown in togs of wells
producing water from the Patuxent formation in Cecil County and in the
Baltimore area are compared in Table 18. The proportion of sand in the Pa-
tuxent is greater than in the overlying Patapsco formation, 37 percent com-
pared to 19 percent, but is about 12 percent less than in the Patuxent forma-
tion in the Baltimore arca, 37 percent compared to 49 percent. In general, this
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would be reflected in lower well yields in Cecil County than in the Baltimore
area.

A well at Chestertown (Ken-Cd 3), drilled to a depth of 1,135 feet, pene-
trates 180 feet into the upper part of the Patuxent formation. The log, de-
scribed by Miller (1926, p. 101-102), shows red, gray, and purple clay (80 per-
cent), sandy clay (5 percent), and sand (13 percent).

Structure

The Patuxent formation has an easterly strike in the eastern part of Cecll
County and a northeast strike in the western part. The basal surface dips
southeast about 160 feet to the mile in Cecil County. The dip of the top could
not be determined from well logs, but according (o the geologic map by Bas-

com and Miller (1920, p. 9) the formation dips southeast about 60 feet to the
mile. The average dip of the Patuxent formation between its outcrop on the

Western Shore and its position in the Chestertown well is about 30 feet to the
mile.

Thickness

The thickness of the Patuxent formation varies because of unconformities
at its top and bottom. Bascom and Miller (p. 10) estimate that its maximum
outcrop thickness in Cecil County is 123 feet. Downdip its thickness increases

greatly, and in the Chestertown area it is probably between 400 and 500 feet.

Waler-bearing Properties

The Patuxent formation is an important aquifer in the tricounty area. Little
1s known, however, of its hydrologic properties except from records of a few
wells drilled in or very close to its outcrop fringe. Only well Ken-Cd 3 at Ches-
tertown has penetrated the formation at great depth (1,135 feet). The well is
reported to have flowed salt water. The hydrologic data obtained from the
wells near the outcrop area are probably not representative of the formation
as a whole.

The formation is believed to be an important potential source of ground
water, because it contains extensive sand lenses (about 25 percent of them
medium-grained sand). Its outcrop extends over a large area and it underlies
all the Coastal Plain province of the tricounty arca—a